The rs937283 variant, locating in murine double minute 2 promoter region, has been previously reported to potentially alter the promoter activity and to influence cancer susceptibility. In this study, we investigated the association of murine double minute 2 rs937283 variant and cancer susceptibility in a central Chinese population, followed by a meta-analysis. A total of 1058 healthy controls, 480 patients with breast cancer, 384 patients with cervical cancer, 480 patients with liver cancer, 426 patients with colon cancer, and 361 patients with rectal cancer were recruited in this case-control study. The murine double minute 2 rs937283 was genotyped by polymerase chain reaction restriction fragment length polymorphism and confirmed by sequencing. Our casecontrol analysis revealed that rs937283 was associated with the susceptibility to breast and liver cancer, but not cervical, colon, or rectal cancer. Specifically, the G allele of rs937283 conferred a significantly increased risk of breast and liver cancer. Moreover, results of meta-analysis demonstrated that rs937283 was significantly associated with cancer susceptibility, and this significant association remained in Asian (Chinese) population, but not in Caucasian population. Collectively, the murine double minute 2 rs937283 variant may serve as a potential biomarker for cancer predisposition in Chinese population.
Introduction
The murine double minute 2 (MDM2) gene, encoding an apoptosis inhibiting protein, has been shown to play a pivotal role in a variety of physiological and pathological processes. 1 Moreover, elevated expression of MDM2 occurs in diverse human cancers and is linked to carcinogenesis or malignant transformation. 2 The underlying mechanism may be attributed to the fact that the MDM2 protein forms a complex with the TP53 protein, attenuates the activity of TP53, and promotes the subsequent degradation of TP53 by acting as an ubiquitin E3 ligase for TP53. 3 Thus, MDM2 is regarded as a modifier gene in cancer development.
Human cancers have been the serious diseases affecting human health and life. Because of various carcinogenic factors and accumulated exposure to carcinogenic conditions, the incidences of human cancers have increased year by year during the past decade in China. 4 The current knowledge suggests that occurrence of human tumor is the result of accumulation of genetic and epigenetic changes in genome. 5 The association of genetic factors (especially genetic variants) and human cancers has attracted a lot of attention. Accumulating evidence supports the correlation between the alteration in protein structural/functional behavior/abnormal expression and genetic variants within relative genes. 6 Interestingly, the rs937283 is such a genetic variant that significantly enhances the transcription activity of the MDM2 gene and thereby increases the messenger RNA (mRNA) and protein expression levels of MDM2. 7 Until now, there has been no report investigating the association of this genetic variant with susceptibility to breast cancer, cervical cancer, liver cancer, colon cancer, or rectal cancer. To determine the role of MDM2 rs937283 variant in these cancers, we in this study analyzed the distribution of rs937283 and assessed the association of MDM2 with susceptibility to breast cancer, cervical cancer, liver cancer, colon cancer, and rectal cancer in a central Chinese population.
Several studies have investigated the association between rs937283 and susceptibility to multiple cancers. [7] [8] [9] [10] [11] [12] [13] [14] [15] However, the results remain conflicting rather than conclusive. To solve the discrepancies and the problem of inadequate statistical strength among previous studies, we further performed a meta-analysis, integrating the data from previous literatures and our present study, to get a more precise and reliable assessment of the association between MDM2 rs937283 variant and cancer susceptibility.
Materials and Methods

Participants
A total of 1058 healthy controls (558 males and 500 females), 480 patients with breast cancer, 384 patients with cervical cancer, 480 patients with liver cancer, 426 patients with colon cancer, and 361 patients with rectal cancer were enrolled in this study. The patients with cancer were confirmed histopathologically and volunteers were recruited from Hubei Cancer Hospital and Wuhan Xinzhou District People's Hospital between January 2015 and December 2016. The healthy controls were selected from cancer-free individuals who visited Wuhan Xinzhou District People's Hospital for regular physical examinations between September 2014 and December 2016 or who volunteered to participate in the epidemiology survey during the same period. Importantly, the controls were frequency matched to the cases by age (+5 years), gender, smoking status, and drinking status. The response rate of the eligible controls was approximately 85%. All participants were biologically unrelated Han Chinese living in central China (Hubei province). This study was approved by the ethical committees of Wuhan University of Technology and written informed consent for the genetics analysis was obtained from all participants or their guardians.
The Genotyping of MDM2 rs937283 Variant
The peripheral blood samples (5 mL per participant) were collected into blood vacuum tubes containing EDTA and stored at 4 C. Genomic DNA was extracted from blood samples using the TIANamp Blood DNA Kit (DP348; TianGen Biotech, Beijing, China), according to the manufacturer's instructions, and stored at À20 C before use. The A to G substitution at rs937283 creates an AvaII restriction site; thus, genotyping of MDM2 rs937283 variant was subsequently performed via polymerase chain reaction (PCR) restriction fragment length polymorphism technique. Briefly, a 175 bp DNA fragment containing the polymorphism of interest was amplified with the primers (forward: 5 0 -GCGACCCCTCTGACCGA-3 0 and reverse: 5 0 -CCTCAAGACTCCCCAGTTTC-3 0 ). The PCR products were then digested with 10-unit AvaII restriction enzymes following the manufacturer's instructions (Takara, Bio Inc, Shiga, Japan). Digested fragments were separated by electrophoresis on 3% agarose gel and visualized under ultraviolet light with GelRed staining. The rs937283 G allele was identified by the presence of 2 bands (107 and 68 bp), whereas the A allele was identified by the presence of 1 band (175 bp). Genotyping analysis was repeated twice for all participants, and the results were 100% concordant. Next, 20% randomly selected PCR-amplified DNA samples were examined by DNA sequencing, and the results were also 100% concordant.
Statistical Analysis
All statistical analyses were performed with the Statistical Program for Social Sciences (SPSS, version 15.0, Chicago, Illinois). Two-sided w 2 test was used to compare the differences in age, gender, smoking status, and alcohol status between patients with cancer and healthy controls. Genotypic frequency of rs937283 in healthy controls was tested for departure from Hardy-Weinberg equilibrium (HWE). Logistic regression analysis was used to estimate the association between rs937283 and cancer susceptibility. P < .05 was considered as statistically significant, and the Bonferroni correction for multiple testing was applied.
Meta-Analysis
A comprehensive literature search updated to April of 2018 was carried out in PubMed, EMBASE, ISI Web of Science, and CNKI and Wanfang databases without language restriction. The search terms used were as follows: mouse double minute 2 homolog, proto-oncogene proteins c-mdm2, MDM2, MDM2 proto-oncogene, E3 ubiquitin protein ligase, human homolog of mouse double minute 2, murine double minute 2, polymorphism, variant, mutation, SNP, single nucleotide polymorphism, rs937283, cancer, tumor, carcinoma. References listed in retrieved articles were also checked for missing information. Next, studies were eligible for inclusion in the metaanalysis if they met the following criteria: (1) studies on humans, (2) investigation of the MDM2 rs937283 variant and cancer susceptibility, (3) case-control study design, (4) valid data were accessible to estimate the OR and its 95% CI, and (5) HWE equilibrium should be established in control groups. Different ethnicity descents were categorized as Asian and Caucasian. All statistical analyses were conducted with the STATA 14.0 (StataCorp, College Station, Texas). The heterogeneity of included studies was assessed by the Cochran Q test and I 2 . 16 If the P value of Q test is !0.1, the fixed-effect model was applied to calculate the combined OR 17 ; otherwise, randomeffects model was conducted. 18 The significance of combined OR was determined by the Z test. A P value < .05 was considered significant, and the Bonferroni correction for multiple testing was applied. Moreover, potential publication bias was assessed by Begg test and Egger test in this meta-analysis (significance at 5% level).
Results
The demographic characteristics of patients with cancer and healthy controls are presented in Tables 1 and 2 . There were no significant differences in the distributions between patients with cancer and healthy controls relating to age, gender, smoking status, and drinking status. These results suggested that patients with cancer and healthy controls were well matched in the present case-control study.
Five types of patients with cancer (breast cancer, cervical cancer, liver cancer, colon cancer, and rectal cancer) were included in this study, and the MDM2 rs937283 variant was successfully genotyped in a total of 3189 participants. Table 3 showed us the allele/genotype distributions of rs937283 and their association with cancer susceptibility. The genotype frequencies of rs937283 among controls were in accordance with HWE (P ¼ .871 and .344, respectively), indicating that the included control participants were representative. No significant association was identified for rs937283 with the susceptibility to cervical cancer, colon cancer, rectal cancer, or combined colorectal cancer. In contrast, rs937283 was shown to significantly associate with the susceptibility to breast and liver cancers. The allele/genotype distributions of rs937283 were significantly different between patients with breast cancer and healthy females (P ¼ .003 and .008, respectively), as well as between patients with liver cancer and healthy controls (P ¼ .001 and .004, respectively). Furthermore, logistic regression analysis was applied to estimate the association of rs937283 with susceptibility to breast and liver cancer. After Bonferroni correction for multiple testing (0.05/5 ¼ 0.01), it was still found that the G allele and GG genotype of rs937283 were associated with an increased susceptibility to breast cancer than the A allele and AG/AA genotypes, respectively (G vs A, GG vs AA, and GG vs AG þ AA). Similarly, the G allele and G variant genotypes of rs937283 significantly increased the susceptibility to liver cancer (G vs A, GG vs AA, GG vs AG þ AA, and GG þ AG vs AA).
According to the inclusion criteria, we finally retrieved 9 relevant literatures. The characteristics of included studies in this meta-analysis are summarized in Table 4 . The genotype frequencies of rs937283 among controls were in accordance with HWE in each study (P > .05). Of note, the adjusted P value (<.01, .05/5) using Bonferroni correction was also applied. As shown in Table 5 , the meta-analysis revealed a significant association between rs937283 and cancer susceptibility in 2 genetic models (G vs A, odds ratio 
Discussion
Cancer has been a global health problem and a threat to human health and development. Among both men and women, the majority of deaths worldwide are due to cancers. 19 Liver cancer, colorectal cancer (colon and rectal cancers), and 2 femalespecific cancers (breast and cervical cancer) are the most common cancer types and cause lots of cancer-related deaths in China. 4 Despite tremendous progress in the treatment of human cancers in recent decades, the prognosis remains unsatisfactory, especially in advanced stage tumors with distant metastasis. 20 Therefore, identification of the inherited variants associated with cancer susceptibility would be useful in making early diagnosis and risk prediction. Increasing evidence has indicated that MDM2-TP53 pathway plays an important role in tumor development and progression. 21 The dysregulation of MDM2 would impair the MDM2-TP53 pathway and thereby might affect individual susceptibility to cancer. 22 The rs937283 variant was a novel functional variant identified in MDM2 gene promoter. Jiao et al proved that the transition of A to G at rs937283 significantly enhanced the transcription activity of the MDM2 gene in vitro. Abbreviations: HWE, Hardy-Weinberg equilibrium; PCR-RFLP, polymerase chain reaction restriction fragment length polymorphism. a Genotypic frequency of À283T > C in normal controls was tested for departure from HWE using the w 2 test. Therefore, rs937283 variant was a potential risk factor for cancer susceptibility. Indeed, we here identified that MDM2 rs937283 variant significantly increased the susceptibility to breast and liver cancer in a central Chinese population. However, inconsistent results were observed when exploring the association between rs937283 and susceptibility to cervical and colorectal cancer. So far 9 studies have been investigated the association between rs937283 and cancer susceptibility, including lung cancer (LuC), 8 oral squamous cell carcinoma (OSCC), 15 salivary gland carcinoma (SGC), 9 retinoblastoma (RB), 7, 10 squamous cell carcinoma of the head and neck (SCCHN), 11 differentiated thyroid carcinoma (DTC), 12 esophageal squamous cell carcinoma (ESCC), 13 and laryngeal carcinoma (LaC).
14 Similarly, the results remain conflicting rather than conclusive. Specifically, MDM2 rs937283 was shown to be associated with the susceptibility to OSCC, LaC, and RB (in Asian), but not to LuC, SGC, SCCHN, DTC, ESCC, or RB (in Caucasian). One possibility for these discrepancies may be attributed to the different cancer types. The regulation of MDM2 expression is complex in normal cells, and the regulation of rs937283 variant on MDM2 expression may vary from cell types. Admittedly, different environments, lifestyles, and genetic backgrounds among different ethnic populations and small sample size may also contribute to the differences in the association of rs937283 and susceptibility to different types of cancers.
Currently, the meta-analysis is a statistical tool for combining the results from different studies on the same topic to increase the statistical strength and precision in estimating effects. 23 Therefore, a meta-analysis was further performed to estimate the real effect of rs937283 on cancer susceptibility. Interestingly, we found a positive association between rs937283 variant and increased cancer susceptibility in the overall population and Asian population. The explanation for this observation may be that the G allele of rs937283 variant in the MDM2 promoter region is closely linked to the high expression levels ofMDM2 mRNA and protein, which enhances the degradation of TP53 and thereby increases the cancer susceptibility. However, no significant association between rs937283 and cancer susceptibility was present in the Caucasian-stratified analysis, suggesting differences in genetic background may be a possible reflection of rs937283 on cancer susceptibility. Therefore, larger studies performed in different ethnicities are warranted to validate or further reinforce our present findings.
Genetic testing can identify individuals with an increased risk for human diseases such as cancer. The present findings in liver and breast cancer may be applied in clinical practice. Early identification of at-risk patients with liver/breast cancer may slow the progression of the disease through individualized treatment. Additionally, environmental risk factors can be identified and lifestyle modifications can be made to reduce the risk for developing liver/breast cancer. However, it should be noted that our study contained several limitations. First, we used a hospital-based case-control study design. Therefore, the potential for selection bias should be considered. Second, it cannot rule out the possibility that the MDM2 rs937283 variant may not be the causal loci but rather be in linkage disequilibrium with the causal loci. Third, the effect of rs937283 variant on MDM2 expression was not assessed in liver/breast cancer tissues from individuals with different rs937283 genotypes, which should be analyzed in further confirmatory study. Fourth, the underlying molecular mechanism for the regulation of rs937283 on MDM2 transcription activity remains unclear, which needs to be addressed in future functional studies. Finally, our current observations only involved Han Chinese population; thus, further confirmatory studies are demanded in other ethnic groups.
Conclusion
Our study provided statistical evidence that MDM2 rs937283 variant significantly increases the susceptibility to breast and liver cancer, but not cervical cancer, colon cancer, or rectal cancer in a central Chinese population. We further demonstrated that MDM2 rs937283 variant is more likely to confer an increased genetic susceptibility to cancer susceptibility in Asian (Chinese) population, but not in Caucasian population. MDM2 rs937283 variant may serve as a valuable risk factor or diagnostic biomarker among Chinese patients with cancer and needs more supporting evidence.
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